It is well known that an oxidation-reduction system having lower standard redox potential, E'0, is able to reduce another system of higher E'0 and that the reduction actually takes place with a measurable rate only when an appropriate potential difference exists between the systems (1, 2) . Further, the works of Kubo and associates (3) revealed that the reduction rate of an oxidationreduction dye (A) by an adequate reducing system is enormously increased by the addition of another suitable redox dye (B) of lower E'0 than that of A. Since B seems to behave as an intermediate electron carrier between A and the reducing system, they designated this phenomenon as "relay effect" and B was called as " relay dye".
In a previous paper (4) , it was shown that the reduction of ferricyanide (FECY) and 2, 6-dichlorophenol-indophenol (DCPP) by succinoxidase system (SOS), in the presence of cyanide, was markedly activated by the addition of cytochrome c (CYT. C), and that the activation was completely abolished by antimycin A. These results clearly indicates that CYT. C acts as a relay dye in the reduction of FECY and DCPP. From the view point of thermodynamics, however, it is incomprehensible that CYT. C(E'0=0.255 V) is included in an electron transport pathway to DCPP (E'0=0.189 V ). Similar phenomenon was previously pointed out by Kamakura (5) , who found that the reduction of indigotetrasulfonate (E'0=-0.046V) by glucose dehydrogenase is significantly accelerated by the addition of methylene blue (MB) (E'0=0.011 V), but the mechanism of this reaction is still a matter of speculation.
An attempt is made, therefore, in this article to describe the sequence of reduction when two acceptors coexist with a reducing system and to elucidate the nature of relay effect.
MATERIALS AND METHODS
Materials and methods used in this paper are exactly similar as previously described (4) , except that the concentration of acceptor was reduced as indicated to follow the reaction up to a stage of complete reduction and the following improvements were introduced to obtain the reduction rate of an acceptor separately in the presence of another acceptor. 
Relative efficiency of acceptors
Rates of reduction with several acceptors by SOS are summarized in table 1 , and E'0 of the acceptors at pH 7.4 are also indicated.
The highest activity was observed with a physiological acceptor, CYT. C, and when molecular oxygen was used, the activity was 3-fold increased by the addition of excess CYT . C. This apparently indicates that the rate determining step in mitochondrial SOS is CYT. C. Since E'0 and n for FECY at .pH 7.4 have been reported as 0.360 V and unity respectively (8) and reduced form of the acceptors at the point where the reduction of CYT. C begins (indicated by arrows) were calculated from curves of fig. 4 5. Interaction of ferricyanide and 2, 6-dichlorophenol-indophenol On the contrary to CYT. C, the addition of DCPP showed no appreciable acceleration (less than 15% ) on the reduction of FECY by SOS, whereas the reduction of DCPP was completely inhibited in the presence of FECY . The sequence of reduction in this case is given in fig. 5 . As will be seen in the figure, the reduction of FECY preceded, leaving DCPP in a completely oxidized state, and the reduction of the latter began after that of the former had approached to a completion.
Eh of the acceptors at the commencement of DCPP reduction (indicated by arrows)
were calculated in a similar manner described above. Since the per cent reduction at this point was 98 and 2% for FECY and DCPP respectively, following Eh values were obtained from equation (1) .
These values also show a good agreement as in the two cases aforementioned.
DISCUSSION
Yamano (9) investigated the sequence of reduction by glucose dehydrogenase of DCPP and MB when they existed together.
It was observed that the reduction of DCPP, having higher E0", preceded, leaving MB (relay dye) in a completely oxidized state, and the reduction of the latter began after that of the former had approached to a completion. In a microscopic point of view, however, it must be considered that MB, having lower E0", may be reduced by the dehydrogenase in the first place, then it donates the electrons to DCPP, although it remained in a macroscopically oxidized state. There is a remarkable agreement between the results obtained by Yamano and those presented in figs. 4 and 5, in which the reduction of FECY preceded and after it proceeded fairly to completion and Eh of FECY dropped to the level of CYT. C or DCPP, the reduction of the latter started. As described previously, it is apparent that CYT. C acts as a relay dye between FECY and SOS, while the fact that the addition of DCPP showed no or little, if any, activating effect on the FECY reduction may throw some doubt on the carrier function of DCPP. However, the reduction of both the acceptors must proceed independently if there is no interaction between them, but, in the fact, the reduction of DCPP was inhibited by the presence of FECY. These results clearly indicates the existence of electron transport from DCPP to FECY. The weak activating effect of DCPP may be attributed to its poor oxidizability and a rather wide difference between E0" of these two acceptors.
On the other hand, as shown in fig. 3 , in the case of the coexistence of DCPP with CYT. C, the reduction of both the acceptors was slower at the initial phase of reaction (lag phase) than when they are reduced separately. Just when the reduction of CYT. C had proceeded to approximately 78% and its Eh had dropped to the level of DCPP, the reduction of the latter was activated promptly.
This apparently demonstrates that during the lag phase the reduction of the acceptors takes place independently, and the distribution of electrons between them may result in delayed reductions.
It is evident that CYT. C can scarcely serve as an electron donator to DCPP while its Eh is higher than that of DCPP, and the lag phase is explained as the time required for the reduction of CYT. C to obtain a Eh value as low as that of DCPP. The prolonged duration of lag phase with the increasing amount of. CYT. C may be also elucidated by this consideration.
In general, a system (B) having lower E0" transmits electrons to another system (A) of higher E.
Hence, it appears to be thermodynamically irrational that CYT. C of higher E0" plays a carrier role in the reduction of DCPP of lower E.
However, a possibility of the electron transfer from A to B may arise provided that the oxidizability of B is not sufficient to mediate electrons to A and the relative efficiency of A as an acceptor prevails (table 1) . In this case, the reduction of A preceds and after its Eh have lowered to a level of B, the rapid reduction of B via A takes place. Namely, A turns over between B and a reducing system in a macroscopically reduced state ( fig. 3) , while in the usual relay effect a relay dye, B, turns over in a macroscopically oxidized state. Therefore strictly speaking, it is Eh and kinetic affinity at a given condition which determines the rate and sequence of the oxidation-reduction reactions, although E0" would quantitatively describe the ability of a redox system to expel or accept electrons in most cases.
These findings apparently present a special case of the relay effect in which relative activities and oxidizabilities of the acceptors play an important role to determine the sequence of reduction, together with a possible existence of such phenomena involving cytochrome c in living cells.
SUMMARY
The mechanism of interaction observed between two acceptors when they existed together with succinoxidase system was investigated.
1. When two acceptors coexist with a reducing system, it is general that the reduction of an acceptor (A) having higher E0" preceds during which another acceptor (B) of lower E0" is found in a completely oxidized state, although B functions as an electron carrier by being continually reduced by the system and oxidized by A, accelerating the reduction of A (relay effect). After the reduction of A has proceeded fairly to completion and Eh has dropped to the level of B, the reduction of B begins (the case of coexistence of ferricyanide with cytochrome c, or 2, 6-dichlorophenol-indophenol).
2. It is possible, however, that B is reduced via A provided that some necessary conditions are fulfilled. In this case, the reduction of both the acceptors takes place almost independently at the initial phase (lag phase), and just when Eh of A has lowered to the level of B, the reduction of B is activated by the carrier action of A, in which A turns over in a reduced state (the case of coexistence of cytochrome c with 2, 6-dichlorophenol-indophenol).
3. The significance of oxidation-reduction potential to characterize a redox system is discussed in the light of the present results.
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